I found that change in early visual features generally evokes involuntary attention , which is called stimulus-driven attention. In Experiment I , luminance was increased (light condition) or decreased (dim condition) in the periphery as a cue . Then the subjects judged which of the two light spots, one on the cued side and the other on the opposite side , was presented earlier.
If one's attention is focussed to a part of the visual field, speed and accuracy of his response to stimuli are enhanced in that region. This is the effect of spatial attention (Eriksen & St. James, 1986; Eriksen & Yeh, 1985; LaBerge, 1983; LaBerge & Brown, 1989 : Posner, Snyder, & Davidson, 1980 Shaw, 1978) .
One typical example of the spatial attention effect is seen in the following simple detection task: The reaction time to a small light spot is shortened if it appears at the position to which attention is directed : Posner, 1980 . It is thought that this is because voluntary attention promotes the transmission speed of the information in the visual pathway.
Recently it has been reported, however, that the attention effect can be evoked, without voluntary control of attention, by a stimulus itself: Posner and Cohen (1984) brightened or dimmed a peripheral stimulus irrelevant to the task, and found a transient attention effect around it. Yantis and Jonides (1984) showed that the abrupt onset of a stimulus captures attention. They investigated the attention effect using visual search tasks and obtained the following result. When there is an abrupt onset of the target in the search display, it is easy to detect; when there is an abrupt onset of the distractor, a large interference effect is observed. They concluded that the stimulus with abrupt onset captures attention when the subject does not focus his attention anywhere else (Yantis & Jonides, 1990) .
These attention effects evoked by external stimuli have been called the effects of "automatic allocation of attention" (Yantis & Jonides, 1990) or "exogenous attention" (Allport, 1989) . However, I will call them the effects of "stimulus-driven attention" in the present paper because I want to emphasize that these effects are caused by external stimuli.
The visual information processing system contains several processing modules each of which detects an early visual feature such as luminance, color and orientation.
It is thought that by directing voluntary attention to a location, the outputs of these modules are integrated and attributed to an object. Then how does the mechanism of stimulusdriven attention affect the visual information processing system? Does it work at the stage of integration of features, or at the stage of detection of a feature in a module?
One approach to this problem is to examine the effect of attention driven by a feature (e.g. color) on a module which processes another feature (e.g. luminance module). If the mechanism of stimulus-driven attention works within a module, such inter-module effect will not be observed. However, only attention effect driven by luminance change on luminance detection has been reported so far (Jonides & Yantis, 1988) .
This study aims to clarify what stage the mechanism of stimulus-driven attention works at. For this purpose, I examined whether luminance detection is influenced by change in color or orientation.
In order to examine the attention effect on luminance detection tasks, I used a temporalorder judgment task instead of reaction time measurement. This task was also used in the work of Stelmach and Herdman (1991) . They presented two light spots simultaneously in both sides of the fixation point at an equal eccentricity; the subject perceived earlier the spot at the position to which he had directed attention voluntarily in advance. Thus we can find the attention effects by measuring this subjective temporal order.
This method enables us to detect slight effects of attention because the subjective temporal order is hardly affected by such noises that originate from the motor pathway, unlike the reaction time measurement.
In the following experiments, first I will show that the subjective temporal order is caused by stimulus-driven as well as voluntary attention.Then I will show that the attention effect is evoked by change in color or orientation, without change in luminance, using the temporal-order judgment task.
Experiment 1
The purpose of Experiment I was to examine whether subjective temporal order is caused by stimulus-driven attention.
The cue3 which was used to evoke attention effects was based on that used by Posner and Cohen (1984) . They presented two square frames on both sides of the fixation item. Then they brightened or dimmed one of the frames which evoked an attention effect. The effect was, however, rather small.
In the present experiment, I caused a luminance change and an abrupt appearance of a pattern to occur simultaneously in order to obtain a larger attention effect. Concretely, a square frame was presented in the periphery by changing luminance in the corresponding region: The condition in which the frame was presented by lightening is called "the light condition"; the condition in which it was presented by dimming is called "the dim condition."
After some time has passed (a cue lead time) from the presentation of the square 3 It should be noted that the term "cue" is used to represent the stimulus (or the change in stimulus) presented to draw stimulus-driven attention as well as voluntary attention.
It is not necessarily relevant to the task. frame, two light spots were presented simultaneously: One at the center of the frame and the other at the opposite position as to the fixation point. These spots were the probes used in order to measure subjective temporal order. Method Subjects.
Six undergraduate students participated in the experiment. They were unaware of the purpose of the experiment. Stimuli and apparatus. The experiment was conducted in a light room. The stimuli were presented on a CRT display (SANYO CMT-A14HU) controlled by a personal computer (NEC PC-9801 DA). A chin rest was used to maintain the viewing distance of 57 cm. Figure 2 . Rate of consistent responses as a function of cue lead time in Experiment 1. The responses to the cued side were summed across six subjects and two sides of the cue presentation.
since he found no difference between the two probes except that one of them was found within the frame. This latter idea , however, does not explain why the rate of consistent responses depends on cue lead time . Moreover, most of the subjects reported after the experiment that they had often perceived two spots appearing in sequence clearly . Thus it is considered that the result reflects subjective temporal order.
Preceding luminance change also causes a forward masking effect on detection of the following light spot (Breitmeyer, 1984) . In the present experiment, however, the masking effect ^^ as negligible, since the difference in intensity between the light spots and the cue was large enough. Moreover, the masking effect prevents the detection of the light spot in the frame. Thus the result cannot be explained by the masking effect.
Therefore, the subjective temporal order is attributed to directed attention. This attention is not voluntary but is driven by stimulus for the following reasons. Operationally, directing attention to the cue was not advantageous in performing the task, and the subjects were instructed that the square frame had no relation to the task. A posteriori. the obtained effect cannot be explained by voluntary attention because the attention effect occurs as early as 50 or 100 ms after the presentation of the cue, which seems too short a time for the subject to perceive the cue, decide on which side he should direct his attention to, and to actually direct the attention.
It is therefore concluded that subjective temporal order is caused by stimulus-driven attention.
The effect occurs either when luminance increases or decreases in the periphery, although it is clearer in the former case.
The temporal characteristics of the attention effect, which increases before 200 ms and decreases after that, resemble those 
